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[57] ABSTRACT 
The invention relates to a process for the enantioselec 
tive preparation of L-phosphinothricin (L-Ptc) and 
derivatives of the formula I 

in which R1 is H, (C1-C6)-alkyl, (C1—C4)-ha1oalkyl, 
(Cg-CQ-cycloalkyl or (subst.) phenyl-(C1—C4)-alkyl, R2 
is hydrogen, formyl, [(C1-C6)alkyl]carbony1, [(C1-C6_ 
)a1koxy]carbonyl, (subst.) benzyloxycarbonyl, (C1-C6) 
alkylsulfonyl or (subst.) (C6—C10)-ary1su1fony1, and R3 is 
OH, NH; or (C1—C6)-a1koxy, or their salts with acids or 
bases. 

20 Claims, No Drawing 
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PROCESS FOR THE PREPARATION OF 
L-PHOSPHINOTHRICIN AND ITS DERIVATIVES 

This application is a continuation of application Ser. 
No. 07/988,736, ?led Dec. 10, 1992, now abandoned. 
The invention relates to a process for the enantiose 

lective preparation of L-homoalanin-4—yl(methyl)phos 
phinic acid, called L-phosphinothricin or L-Ptc in the 
following, and its derivatives of the formula I 

o (I) 
II 

0 
II 

P 

H3C// NR3 0111 

in which 
R1 is hydrogen, (C1‘C6)-alkyl, (C1-C4)-haloalkyl, 

(C3-C6)-cycloalkyl or phenyl—(C1—C4)-alkyl which 
is unsubstituted or substituted in the phenyl radical, 

R2 is hydrogen, formyl, [(C1-C6)alkyl]carbonyl, 
[(C1-C6)alkoxy]carbonyl, benzyloxycarbonyl 
which is unsubstituted or substituted in the benzyl 
radical, (C1—C6)-alkylsulfonyl, or (C6—C10)-arylsul 
fonyl which is unsubstituted or substituted in the 
aryl radical, and 

R3 is hydroxyl, amino or (C1-C6)-alkoxy, 
or their salts with inorganic or organic acids or bases. 

L-phosphinothricin, its esters and its salts with or 
ganic or inorganic acids or bases are the active enantio 
mers of the herbicidally active racemates described in 
DEA-2,717,440. According to DEA-2,856,260, the 
herbicidal action of L-Ptc is twice as great as that of the 
racemate, which is why the use of the L-isomer offers 
clear advantages, in particular economical and ecologi 
cal advantages, which result from the lower application 
rates, lower amounts of formulation auxiliaries and as a 
result less substances to be broken down biologically in 
the soil and in the plants. 

L-phosphinothricin has only been accessible until 
now by means of complicated, enzymatic resolution 

10 

15 

20 

25 

30 

35 

processes (DE-A-2,939,269; DEA-3,048,612; EP-A- 
301,391; EP-A-358,428; EP-A-382,113; J. Chem. Soc. 
Perkin Trans 1989, 125) or by means of enzymatic trans 
amination (ERA-248,357, EP-A-249,l88; Appl. Envi 
ron. Microbiol. 56 (1990) 1). 

In addition to these biochemical methods, chemical 
processes for the preparation of L-Ptc are also known 
which, however, are afflicted with various disadvan 
tages. Thus, with the aid of the enantioselective alkyla 
tion of chiral Schiff bases described in ERA-127,429, as 
a rule only optical yields up to 78% are achieved, while 
the enantioselective hydrogenation of 2,3-didehy 
droamino acid derivatives described in DEA-3,609,818 
requires poorly accessible starting materials. 

In addition, a further two methods are known which 
start from heterocyclic precursors which, however, can 
only be prepared in multi-step, complicated syntheses 
(DEA-3,542,645; DEA-3,525,267). 
The object was therefore to develop a process which, 

in a simple manner, permits the preparation of L-phos 
phinothricin and its derivatives with high optical purity 
even in relatively large amounts. 
The present invention thus relates to a process for the 

preparation of compounds of the formula I, which com 
prises 
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2 
a) reacting an L-vinylglycine derivative of the formula 

II with a methanephosphonous acid monoester of the 
formula III 

0 (II) 
II 

R6 

H: NHR5 

/ 

in which 
R4 is de?ned as the radical R1, excepting hydrogen, 
and 

R5 is de?ned as the radical R2, excepting hydrogen, 
and ~ 

R6 is (C1-C6)alkoxy, 
in the presence of a catalytic amount of a free radical 
initiator at reaction temperatures from 70° C. to 115° 
C. to give compounds Ia of the formula I, in which 
R1 is de?ned as the radical R“, 
R2 is de?ned as the radical R5 and 
R3 is de?ned as the radical R6, and 

b) if desired converting the compounds Ia obtained 
according to step a) analogously to customary meth 
ods from the group comprising hydrolysis and ami 
nolysis processes into structurally different com 
pounds lb of the formula I, in which 
R1 is de?ned as the radical R4 or is hydrogen, 
R2 is de?ned as the radical R5 or is hydrogen and 
R3 is de?ned as the radical R6 or is hydroxyl or 

amino, and 
c) if desired converting the compounds Ia or Ib ob 

tained according to step a) or b) into salts of the cor 
responding compounds of the formula I using inor 
ganic or organic acids or bases. 
In the formula (I) and in the following, the radicals 

alkyl and alkoxy as well as the alkyl and alkoxy radicals 
in the corresponding substituted radicals can each be 
straight-chain or branched. If not speci?cally stated, the 
carbon atom chains or carbon skeletons having 1 to 4 
carbon atoms are preferred in these radicals. Alkyl 
radicals, also in the compound meanings such as alkoxy, 
alkylsulfonyl etc., are methyl, ethyl, n- or i-propyl, or 
n-, i-, t- or 2-butyl. Halogen is ?uorine, chlorine, bro 
mine or iodine; haloalkyl is alkyl which is substituted by 
one or more atoms from the halogen group; haloalkyl is, 
for example, CF3, CHFZ or CH2CF3. Aryl is, for exam 
ple, phenyl, naphthyl, tetrahydronaphthyl, indenyl, 
indanyl and similar radicals, preferably phenyl; in the 
case of substituted aryl, phenyl or benzyl, the substitu 
ents are preferably each one or more, in particular 1, 2 
or 3, radicals from the group comprising halogen, alkyl, 
haloalkyl, alkoxy, haloalkoxy, nitro, cyano, alkoxycar 
bonyl, alkylcarbonyl, alkanoyl, carbamoyl, mono- and 
dialkylaminocarbonyl, mono- and dialkylamino, alkyl 
sulfmyl and alkylsulfonyl; here in the case of radicals 
having carbon atoms those having 1 to 4 carbon atoms, 
in particular 1 or 2 carbon atoms, are preferred; pre 
ferred substituents are, as a rule, those from the group 
comprising halogen, such as ?uorine and chlorine, 
C1-C4-alkyl, preferably methyl or ethyl, C1—C4-haloal 
kyl, preferably tri?uoromethyl, C1-C4-alkoxy, prefera 
bly methoxy or ethoxy, C1—C4-haloalkoxy, nitro and 
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cyano. Methyl, methoxy and chlorine are particularly 
preferred. 
Of particular interest are processes according to the 

invention, in which in formula I 
R1 is hydrogen, (C1-C6)-alkyl, cyclopentyl, cyclo 

hexyl or benzyl, 
R2 is hydrogen, formyl, [(C1-C4)alkyl]carbonyl, 

[(C1—C4)alkoxy]carbonyl, benzyloxycarbonyl, 
(C1-C4)-alkylsulfonyl, or phenylsulfonyl which is 
unsubstituted or substituted in the phenyl radical, 
and 

R3 is hydroxyl, amino or (C1-C6) -alkoxy. 
Processes according to the invention are preferred, in 

which in formula I ' 

R1 is hydrogen or (C1-C4) -alkyl, 
R2 is hydrogen, [(C1-C4)alkyl]carbonyl, [(C1—C4)al 

koxy]carbonyl or benzyloxycarbonyl, and 
R3 is hydroxyl, amino or (C1-C4)-alkoxy. 
As free radical initiators, for example, compounds 

can be used which dissociate into free radicals in the 
temperature range from 70°-l 15° C., such as, for exam 
ple, t-butyl perbenzoate, t-butyl perpivalate, t-butyl 
perethylhexanoate, t-butyl perneodecanoate or azobis 
isobutyronitrile or mixtures of two or more of these 
compounds. Ultraviolet radiation can also be employed 
for the formation of the free radicals. 
The optical yields are usually greater than 90%, 

which corresponds to a content of at least 95% of the 
L-enantiomer. 

Additions of methanephosphonous acid monoesters 
to functionalized olefms for the preparation of phos 
phinothricin and its derivatives are admittedly known in 
principle, but the processes described are af?icted with 
various disadvantages. 

Thus, EP-A-18,415 describes the reaction of racemic 
vinylglycine derivatives with methanephosphonous 
acid monoesters, reaction temperatures of at least 140° 
C. admittedly being used in the exemplary embodi 
ments. In the case of optically active compounds of said 
formula II, reaction conditions of this type lead to par 
tial or substantial racemization. 

Furthermore, it is pointed out in Sci. Rep. of Meiji 
Seika Saisha 20 (1981) pages 33 et seq. that if com 
pounds of said formula II are employed in which R5 is 
acetyl or benzoyl and R‘5 is hydroxyl, at reaction tem 
peratures from 130° to 140° C. an isomerization of the 
compounds of the formula II to give compounds of the 
formula IV occurs: 

0 
\\ R6 

0 
ll — 

nzcyw —+ H3c mm5 
H: NHR5 

(11) (IV) 

Only if R5 is an electron-withdrawing group such as 
tri?uoromethyl is the amount of isomerization negligi 
bly low. The known process is therefore not suitable for 
the enantioselective synthesis of compounds of said 
formula I. I 

Surprisingly, the free radical addition reaction takes 
place in the process according to the invention in an 
effective manner at appreciably lower temperature. It 
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4 
was also not to be expected that the reaction would 
proceed virtually without racemization. 
The reaction of cyclic L-vinylglycine derivatives 

with methanephosphonous acid monoesters is the sub 
ject matter of EP-A*346,658. Admittedly, the optical 
purities for L-Ptc described there of over 90% are satis 
factory but, depending on the starting material used, the 
preparation of L-Ptc derivatives can only be effected in 
a complicated manner via several steps. 

In contrast, the process according to the invention 
can be carried out with easily accessible starting materi 
als. In addition, the compounds of the formula I ob 
tained in step a) (compounds Ia) can be converted by 
simple, acidic hydrolysis into the free amino acid L-Ptc 
or its hydrochloride. 

Process step a) is carried out, for example, by adding 
the compound of the formula II and 0.1 to 20 mol %, 
preferably 0.5 to 10 mol %, of the free radical initiator, 
relative to the compound of the formula II, to a 1.5- to 
4-fold excess of methanephosphonous acid monoester, 
which is heated to reaction temperature. The addition 
should preferably take place in such a way that as low 
as possible a stationary concentration of compound of 
the formula II is established. 

In step a) the reaction temperature is 70° to 115° C., 
preferably 80° to 110° C., in particular 80° to 110° C. 
The reaction is preferably carried out in undiluted form, 
i.e. without additional solvent, in step a). If compound 
II is a solid or a highly viscous liquid, it may be advanta 
geous to dissolve this in an inert solvent together with 
the free radical initiator. Suitable inert solvents should 
not react or only react to the smallest possible extent 
with the free radicals-under the reaction conditions. 
Such solvents are, for example, unbranched hydrocar 
bons, such as n-pentane or n-hexane, or optionally halo 
genated, aromatic hydrocarbons, such as toluene, xy 
lene or chlorobenzene. 
To avoid undesired side-reactions, it is usually advis 

able to carry out the reaction in a protective gas atmo 
sphere. Possible protective gases are, for example, nitro 
gen or argon. 

In step a) the reaction time is as a rule between 0.25 
and 3 hours, and the progress of the reaction can be 
monitored using customary analytical methods, such as 
gas chromatography or thin layer chromatography. 

After reaction is complete, the excess methanephos 
phonous acid monoester 111, if appropriate together 
with solvent, can be removed from the reaction prod 
uct, for example by distillation._ The crude reaction 
product of the formula Ia can be further puri?ed by 
customary processes, such as, for example, crystalliza 
tion or chromatography. 

It is additionally surprising in the process according 
to the invention, besides the fact that no racemization or 
isomerization of the starting material of the formula II 
occurs, that no polymerization of the substituted vinyl 
compound of the formula 11 takes place, since the reac 
tion conditions correspond to those of a free radical 
polymerization (cf. G. Henrici-Olive, S. Olive: 
Polymerisation, p. 1 et seq., Verlag Chemie, Weinheim 
1969). 
The compounds of said formula II are accessible by 

various routes in a simple manner from L-methionine (J. 
Org. Chem. 45 (1980) 4817; J. Org. Chem. 52 (1987) 
4471; Chem. Pharm. Bull. 36 (1988) 893; J. Org. Chem. 
52 (1988) 4074; Synth. Comm. 19 (1989) 3457) or L 
glutamic acid (Tetrahedron Lett. 25 (1984) 1425; Tetra 
hedron 41 (1985) 4347; J. Org. Chem. 56 (1991) 728). 
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The compounds of the formula III are described in 
Houben-Weyl, Methoden der organischen Chemie 
(Methods of Organic Chemistry), volume XII/l, pp. 1, 
5, 193 and 294 (1963), Georg Thieme Verlag, Stuttgart. 

Process step b) can be used to convert the compounds 
of the formula I obtained in step a) into the compounds 
of the formula I in which at least one of the radicals R1, 
R2 and R3 has one of the following meanings: 

R1 = hydrogen, 
R2=hydrogen and 
R3=hydroxyl or amino. 

Process step 0) can be used to convert the compounds 
Ia or Ib obtained in step a) or b) into salts. When carry 
ing out step b), in most cases formation of the salt ac 
cording to step c) can be carried out directly or simulta 
neously, so steps b) and c) are as a rule carried out as 
one-pot processes. 

If, in process step b), a complete acidic or alkaline 
hydrolysis is used, the free amino acid L-phosphinothri 
cin (L-Ptc) is obtained. Preferably, the hydrolysis is 
carried out using 3N-12N aqueous hydrochloric acid, 
particularly preferably using 5N-10N HCl. The reac 
tion temperature is, for example, 90°—130° C., and the 
reaction time is as a rule 5-20 hours, but preferably 8-15 
hours. After reaction is complete, the aqueous reaction 
solution is extracted for working up, for example with a 
water-immiscible solvent, such as toluene, xylene, di 
chloromethane or methyl isobutyl ketone, to remove 
the secondary products of the removal of the radicals 
R‘, R5 and R6. 
The crude L-Ptc obtained after concentration of the 

aqueous solution, which is obtained as the hydrochlo 
ride when hydrochloric acid is used as described'above, 
can be further puri?ed by known measures such as 
recrystallization or ion exchange. 

Derivatives of the formula I in which R3 is amino are 
obtained when the compound Ia obtained in step a) is 
reacted, for example, with aqueous ammonia. 
The following examples serve to illustrate the inven 

tion which, however, is not restricted thereby to the 
procedures described by way of example. 

EXAMPLE 1 

Methyl 
L-Z-benzyloxycarbonylamino—4—[ethoxy(methyl)phos 

phinyl]butyrate 
1.40 g (13.2 mmol) of monoethyl methanephospho 

nite are heated to 95° C. under an argon atmosphere. A 
mixture of 1.10 g (4.4 mmol) of methyl L-Z-benzylox 
ycarbonylamino-3-butenoate and 0.032 g (0.15 mmol) of 
t-butyl perethylhexanoate in 3.5 ml of xylene is added 
dropwise in the course of 10 min at this temperature. 
The reaction mixture is stirred for a further 1 hour at 95° 
C., then all the volatile compounds are distilled off in a 
high vacuum. The crude product thus obtained is puri 
?ed by chromatography on silica. gel (eluent: di 
chloromethane/methanol). 0.90 g (57.4% of theory) of 
methyl L-2-benzyloxycarbonylamino-4-[ethoxy(me 
thyl)phosphinyl]butyrate is obtained as a colorless oil. 

[a]D23= +10.90° (c=0.4550, CHC13) 
1H-NMR (100 MHz, CDC13) 8:7.35 (s, 5, C6H5); 

5.65 (s, br, 1, CHNHCOO); 5.10 (s, 2, OCHzC6H5); 4.42 
(m, l, CHNHCOO); 4.03 (qd, 2, J =7 Hz, J =2 Hz, 
H3CCH2OP); 3.75 (s, 3, COQCH3); 2.39-1.55 (m, 4, 
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6 
PCHzCHzCH); 1.43 (d, 3, J = 14 Hz, PCHg); 1.30 (dt, 3, 
J =2 Hz, J =7 Hz, POCH2CH3). 
31P-NMR (121 MHz, CDC13) 8=54,075. 
As can be seen from the 1H NMR spectrum, the 

sample contains 1 mol of water which cannot be re 
moved even by drying for 14 days over P205. 
CHN analysis: C16H24NO6PXl H20: Calc.: C, 51.19; 

H, 6.98; N, 3.73. Found: C, 51.60; H, 6.60; N, 3.40. 

EXAMPLE 2 

Methyl 
L-2-benzyloxycarbonylamino-4-[n-butoxy(methyl) 

phosphinyl]butyrate 
Starting from 1.88 g (13.8 mmol) of n-butyl methane 

phosphonite and 1.15 g (4.6 mmol) of methyl L-Z-ben 
zyloxycarbonylamino-3-butenoate, 1.22 g (68.8% of 
theory) of methyl L-2-benzyloxycarbonylamino-4-[n 
butoxy(methyl)phosphinyl]butyrate are obtained under 
the conditions mentioned in Example 1 as a colorless 
oil. 

[a]D23= +10.10° (c=0,662, CHC13) 
1H-NMR (100 MHz, CDCl3) 8:7.34 (s, 5, C6H5); 

5.68 (5, br, 1, CHNHCOO); 5.09 (s, 2, OCH2C6H5); 4.39 
(m, 1, CHNHCOO); 3.94 (m, J=7 Hz, J=2 Hz, 
CHZCHZOP); 3.72 (s, 3, COOCH3); 2.40-1.14 (m, 8, 
PCHZCHZCH and H3CCH2CH2CH2O); 1.43 (d, 3, 
J = 14 Hz, PCH3); 0.90 (m, 3, POCH2CH2CH2CH3). 
31P-NMR (121 MHz, CDC13) 8=54.107. 

EXAMPLE 3 

L-Phosphinothriein hydrochloride 
0.69 g (1.93 mmol) of methyl L-2-benzyloxycar 

bonylamino-4-[ethoxy(methyl)phosphinyl]butyrate 
(from Example 1) are dissolved in 10 ml of 6N HCl and 
heated under reflux for 10.5 hours. After cooling to 
room temperature, the aqueous solution is extracted 
twice with 3 ml of dichloromethane each time and the 
aqueous phase is then concentrated to dryness. 0.35 g 
(83.3% of theory) of L-phosphinothricin hydrochloride 
is obtained as a residue, which is identi?ed by its 1H 
NMR spectrum. 

[ad/J23: +20.l0° (c=1.860, 1N HCl) 
The enantiomer excess, which was determined with 

the aid of an HPLC method [J. Chromatogr. 368, 413, 
(1986)] is 92.6%. 

I claim: 
1. A process for the preparation of a compound of 

formula I or a salt thereof . 

0 o (I) 

{1 ll 
H3C// 1\/\:(\R3 

OR H~ “R2 

in which 
R1 is hydrogen, (C1-C6)-alkyl, (C1-C4)-haloalkyl, 

(C3-C6)-cycloalkyl or phenyl-(C1—C4)-a1kyl which 
is unsubstituted or substituted in the phenyl radical, 

R2 is hydrogen, formyl, [(C1—C6)alkyl]carbonyl, 
[(C1-C6)alkoxy]carbony1, benzyloxycarbonyl 
which is unsubstituted or substituted in the benzyl 
radical, (C1—C6)—a1kylsulfonyl, or (C6—C10)-arylsul 
fonyl which is unsubstituted or substituted in the 
aryl radical, and 

R3 is hydroxyl, amino or (C1—C6)-alkoxy, 
which process comprises 
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a) reacting an L-vinylglycine derivative of the for 
mula II with a methanephosphonous acid monoes 
ter of the formula III 

ff (In 5 

H2C//Y\R6 
n= NHR5 

(m) 10 

mc-ii-n 
0R4 

in which 15 
R4 is de?ned as the radical R1, excepting hydrogen, 
and 

R5 is de?ned as the radical R2, excepting hydrogen, 
and 

R6 is (C1-C6)alkoxy, - 
in the presence of a catalytic amount of a free radi 
cal initiator selected from the group consisting of 
t-butyl perbenzoate, t-butyl perpivalate, t-butyl 
perethylhexanoate, t-butyl pemeodecanoate or 
azobisisobutyronitrile and mixtures thereof, at re 
action temperatures from 70° C. to 115° C. to give 
a compound of formula Ia, 

20 

25 

(I? (la) 30 l’ 
P BBC/(‘NR6 OR H‘ NHRS 

in which R4, R5 and R6 are as de?ned above and, 35 
b) if desired converting the compound Ia obtained 

according to step a) by a method comprising hy 
drolysis or aminolysis into a structurally different 
compound of the formula I, in which 

R1 is as de?ned above, 
R2 is as defined above and 
R3 is as de?ned above, and 
c) if desired converting the compound obtained ac 

cording to step a) or b) into a salt of the corre- 45 
spending compound of the formula I using an inor 
ganic or organic acid or base. 

2. The process as claimed in claim 1, wherein 
R1 is hydrogen, (C1—C6)-alkyl, cyclopentyl, cyclo 
hexyl or benzyl, , 

R2 is hydrogen, formyl, [(C1-C4)alkyl]carbonyl, 
[(C1—C4)alkoxy]carbonyl, benzyloxycarbonyl, 
(C1-C4)-alkylsulfony1, or phenylsulfonyl which is 
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unsubstituted or substituted in the phenyl radical, 
and 

R3 is hydroxyl, amino or (C1-C6)-alkoxy. 
3. The process as claimed in claim 1 wherein 
R1 is hydrogen or (C1—C4)-alkyl, 

alkoxy]carbonyl or benzyloxycarbonyl, and 
R3 is hydroxyl, amino or (C1-C4)-alkoxy. 
4. The process as claimed in claim 1, wherein reaction 

temperatures of 80° to 110° C. are used in step a). 
5. The process as claimed in claim 1, wherein the free 

radical initiator is added in amounts of 0.1 to 20 mol %, 
relative to the compound of the formula II. 

6. The process as claimed in claim 5, wherein the free 
radical initiator is added in amounts of 0.5 to 10 mol %, 
relative to the compound of the formula II. 

7. The process as claimed in claim 1, wherein aqueous 
3N-l2N hydrochloric acid is used in process step b) for 
hydrolysis. 

8. The process as claimed in claim 7, wherein aqueous 
5N-l0N hydrochloric acid is used in process step b) for 
hydrolysis. 

9. The process as claimed in claim 7, wherein a reac 
tion temperature of 90° to 130° C. is used in process step 
b). 

10. The process as claimed in claim 1, wherein the 
free radical initiator is added in amounts of 0.1 to 20 mol 
%, relative to the compound of formula II. 

11. The process as claimed in claim 10, wherein the 
0.5 to 10 mol % are added. 

12. The process as claimed in claim 10, wherein reac 
tion temperatures of 80° to 110° C. are used in step a). 

13. The process as claimed in claim 11, wherein reac 
tion temperatures of 80° to 110° C. are used in step a). 

14. The process as claimed in claim 13, wherein 

bonyl or benzyloxycarbonyl, and 
R3 is OH, NH; or (C1—C4)alkoxy. 
15. The process as claimed in claim 14, wherein aque 

ous SN-ION HCl is used in process step b) at a tempera 
ture of 90° to 130° C. 

16. The process as claimed in claim 1, wherein the 
temperatures of 70° to 95° C. are used in step a). 

17. The process as claimed in claim 1, wherein the 
temperatures of 80° to 95° C. are used in step a). 

18. The process as claimed in claim 3, wherein the 
free radical initiator is t-butyl perethyl-hexanoate. 

19. The process as claimed in claim 6, wherein the 
free radical initiator is t-butyl perethyl-hexanoate. 

20. The process as claimed in claim 16, wherein the 
free radical initiator is t-butyl perethyl~hexanoate. 

* ' * t * it 
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